Objectives: to measure sex differences in the risk of receiving potentially inappropriate prescription drugs and to examine what are the factors that contribute to these differences. Design: a retrospective cohort study. Setting: community setting of British Columbia, Canada. Participants: residents of British Columbia aged 65 and older (n = 660,679). Measurements: we measured 2013 period prevalence of prescription dispensations satisfying the American Geriatrics Society's 2012 version of the Beers Criteria for potentially inappropriate medication use in older adults. We used logistic regressions to test for associations between this outcome and a number of clinical and socioeconomic factors. Results: a larger share of women (31%) than of men (26%) filled one or more potentially inappropriate prescription in the community. The odds of receiving potentially inappropriate prescriptions are associated with several clinical and socioeconomic factors. After controlling for those factors, community-dwelling women were at 16% higher odds of receiving a potentially inappropriate prescription than men (adjusted odds ratio = 1.16, 95% confidence interval = 1.12-1.21). Much of this sex difference stemmed from women's increased odds of receiving potentially inappropriate prescriptions for benzodiazepines and other hypnotics, for tertiary tricyclic antidepressants and for non-selective NSAIDs. Conclusion: there are significant sex differences in older adults' risk of receiving a potentially inappropriate prescription as a result of complex intersections between gender and other social constructs. Appropriate responses will therefore require changes in the information, norms and expectations of both prescribers and patients.
Introduction
Despite known risks, potentially inappropriate prescribing is relatively common, with several studies across North America and Europe reporting 20% or greater prevalence of potentially inappropriate medication use among communitydwelling older adults [1] [2] [3] [4] . Studies have found certain factors-such as patient age, health status and the number of prescription drugs they are taking-to be positively associated with the risk of receiving potentially inappropriate prescriptions [1] [2] [3] [4] [5] [6] [7] . Studies have also reported sex differences in exposure to potentially inappropriate medications; however, some studies have found that sex differences are moderated and in some cases reversed, when patient age health status or income are taken into account [7] [8] [9] [10] [11] [12] [13] .
In this study, we document sex differences in older adults' risk of receiving potentially inappropriate prescriptions in British Columbia, Canada. We draw on comprehensive, population-based linked healthcare datasets that include information about residents' age, health, income and ethnicity. This allows us to measure sex differences in the risk of receiving potentially inappropriate prescriptions and to examine clinical and socioeconomic factors that contribute to these differences.
Methods Study design and setting
This is a retrospective study of outpatient prescription drug purchases by residents of British Columbia who were aged 65 and older in 2013. All subjects were covered under British Columbia's universal, public health insurance program for medical and hospital care, and all were eligible for coverage under British Columbia's universal, public drug benefit plan, under which deductibles are set in relation to household income.
Data sources and cohort
We obtained de-identified linked health datasets from Population Data BC, with approval of relevant data stewards and the University of British Columbia's Behavioural Research Ethics Board [14] [15] [16] . The datasets included administrative records of all prescription drug dispensations, fee-for-service physician visits and hospitalisations for all residents aged 65 or older in 2013, except military veterans, registered First Nations, and inmates of federal penitentiaries (which collectively make up 4% of the population). To accurately measure period prevalence of medicine use, we excluded individuals who lived in British Columbia for <275 days in 2013.
Variables
We measured period prevalence of calendar year 2013 prescription dispensations satisfying the American Geriatrics Society's 2012 version of the Beers Criteria for potentially inappropriate medication use in older adults [17] . We implemented the Beers criteria for drug type, dose, duration and, where relevant, medical conditions ( Table 2 of the 2012 publication) .
Health status and medical conditions relevant to the Beers criteria were identified though diagnosis codes in medical and hospital records. A primary diagnostic code (ICD-10) is contained in records of every fee-for-service billing for primary and speciality care. Records of each hospitalisation contain up to 25 diagnostic codes. We gauged overall health status using counts of major Aggregated Diagnostic Groups (ADGs of the John Hopkins ACG case-mix adjustment system, version 10.0) that have been validated for studying health services and pharmaceutical use [18, 19] .
We defined polypharmacy as the use of drugs from five or more different drug classes defined by the third level of the World Health Organisation's Anatomical Therapeutic Chemical drug classification system [20] . We defined patients who visited five or more different physicians in the year as having many providers of medical care.
Datasets contained validated household-specific income data for 78% of our study population and neighbourhoodbased proxy incomes for the remaining 22% [21] . We assigned ethnicity using a validated algorithm to identify surnames of the dominant ethnic minorities in British Columbia: Chinese (40% of minorities) and South Asians (26%) [22, 23] . Finally, we categorised neighbourhood urbanisation based on the population density of the Local Health Area in which people lived.
Statistical analyses
We compute study population characteristics and χ 2 tests for significance across groups. We ran sex-stratified and sex-pooled logistic regressions to test for associations between the binary exposure measure (prevalence of one or more potentially inappropriate prescription) and explanatory variables selected based on established models of health services utilisation and sex-and gender-based analyses [24] [25] [26] [27] . After testing for collinearity between explanatory variables and goodness of fit, our models included measures of sex, age, health status, concomitant drug use (polypharmacy), the number of physicians providing care, income, marital status, ethnicity and level of neighbourhood urbanisation. We also tested interactions between an individual's sex and other explanatory variables that theory predicts may have sex-specific effects: specifically, age, health status, income and ethnicity [26] . For all analyses, a value of P < 0.05 was considered statistically significant. All analyses were performed using Stata version 13.1 (College Station, TX, USA) and SAS version 9.3 (SAS Institute, Cary, NC, USA). Table 1 describes the characteristics of the study population. A total of 660,679 persons aged 65 and older resided in British Columbia for at least 275 days during 2013. Women made up just over half of this population (54%). A larger share of women (31%) than of men (26%) filled one or more potentially inappropriate prescription in 2013. Women in our study population were more likely to be over age 85, reside in a longterm care facility, fill prescriptions for five or more different types of drug and have incomes in the lowest quintile-all of these characteristics were associated with higher crude prevalence of filling one or more potentially inappropriate prescription. Men in our study population had relatively poor health status, which was associated with higher crude prevalence of potentially inappropriate prescriptions. Tables 2 and 3 list adjusted odds ratios from logistic regression analyses for the population living in the community setting (results for residents of long-term care facilities are in the Supplementary data, Appendix, available in Age and Ageing online). Excluding interaction terms, women had 23% higher odds of receiving one or more potentially inappropriate prescription than men after adjusting for all other clinical and socioeconomic factors (AOR = 1.23, 95% CI = 1.22-1.25). Including interaction terms that allow sex to modify the effects of age, health status, income and ethnicity, women had 16% higher adjusted odds of receiving a potentially inappropriate prescription than men (AOR = 1.16, 95% CI = 1.12-1.21). Model specification tests favoured the inclusion of the interaction terms.
Results
For women and for men, being sicker, receiving polytherapy and receiving care from five or more doctors all increased the adjusted odds of filling one or more potentially inappropriate prescription. Being older was associated with lower adjusted odds of receiving a potentially inappropriate prescription. Tests for interactions between sex and age found that the protective effect of age was slightly greater for women than for men. Interactions between sex and health status were not statistically significant.
As shown in Table 3 , higher income was associated with lower odds of filling potentially inappropriate prescriptions for men but not for women. Being married reduced the odds that a man would receive a potentially inappropriate prescription (AOR = 0.92, 95% CI = 0.89-0.94), but did not have a significant effect on those odds for women. Ethnicity had statistically significant effects on the odds that a woman received a potentially inappropriate prescription, but no statistically significant effects for men. For women, having a Chinese surname reduced the odds of receiving a potentially inappropriate prescription by 25% (sex-stratified AOR = 0.75, 95% CI = 0.73-0.78), having a South Asian surname reduced those odds by 17% (sex-stratified AOR = 0.83, 95% CI = 0.79-0.87). Tests for interactions between sex and ethnicity confirmed that being female significantly modified the effects of ethnicity. Table 4 presents sex-stratified prevalence of exposure to leading types of drugs on the Beers list among communitydwelling British Columbians over age 65 in 2013. It also lists odd ratios of such exposures for women (compared with men) after adjusting for age, health status, polypharmacy, receipt of prescriptions from multiple doctors, income, marital status, ethnicity and neighbourhood urbanisation. (Results for the population residing in long-term care facilities are in the Supplementary data, Appendix, available in Age and Ageing online.) By far, the potentially inappropriate medications most frequently prescribed for older adult British Columbians were benzodiazepines and other non-benzodiazepine hypnotics (e.g. eszopiclone) for long-term use. A greater proportion of women (12.9%) than men (8.4%) were prescribed 90 or more days' worth of these medicines in 2013. Women had 55% greater adjusted odds of such long-term hypnotic use than men (AOR = 1.55, 95% CI = 1.52-1.58).
Prescriptions for nifedipine matching the Beers criteria for being potentially inappropriate were the next most frequently prescribed drug type for older adult British Columbians in 2013. There were no sex differences in the odds of receiving potentially inappropriate nifedipine prescriptions after adjusting for all other factors that influence such risks. The third most frequently prescribed Beers list drugs were tertiary (first generation) tricyclic antidepressants, prescriptions for which were filled by 4.0% of women and 1.9% of men. The adjusted odds that a woman would receive a potentially inappropriate prescription for tertiary tricyclic antidepressants were more than twice that of men (AOR = 2.18, 95% CI = 2.11-2.26). Women were at greater crude and adjusted odds of using several other categories of potentially inappropriate medications than men. These included non-selective NSAIDs, muscle relaxants, first-generation antihistamines and nitrofurantoin. Similarly, women were less likely than men to fill prescriptions from several other categories of potentially inappropriate medications: these included long-duration sulfonylureas, spironolactone, indomethacin, antiarrhythmic drugs and fast-acting insulin. Some Beers list drug categories were almost exclusively used by women (estrogens) and men (α-1 blockers and androgens) owing to sex-specific indications for their use.
Discussion
We found that 28% of older adult residents of British Columbia filled one or more potentially inappropriate prescription in 2013. The crude prevalence of receiving potentially inappropriate prescriptions was higher among women than men (31 versus 26%). Women were at 16-23% greater odds of exposure to potentially inappropriate prescription drugs than men, even after adjusting for sex differences in clinical and socioeconomic factors associated with the use of potentially inappropriate medications. Much of this sex difference stemmed from women's increased odds of receiving potentially inappropriate prescriptions for benzodiazepines and other hypnotics, for tertiary tricyclic antidepressants and for non-selective NSAIDs.
The prevalence of potentially inappropriate prescription drug among older British Columbians is within the range of prevalence estimates for community-dwelling older adults in other countries, most of which fall between 20 and 30% [2, 6] . Our finding that women are at increased odds of receiving a potentially inappropriate prescription is consistent with some prior research [10, 12, 13, 28] . However, this finding is not unanimously supported in the literature [8] . For example, Bradley et al. [9] document that men are at increased odds of receiving a potentially inappropriate prescription in the UK. Other studies have found that women's increased odds of receiving a potentially inappropriate prescription is moderated when patient age, health status or income are taken into account [7, 10, 11] .
That some results concerning sex differences have been sensitive to adjustments for age, health status and income suggest that the risk of potentially inappropriate medication use is shaped by both biological and social forces. Biological influences include direct effects of sex differences in the prevalence of conditions for which medications may be inappropriately prescribed. There may also be indirect biological influences, such as if sex differences in health status result in different patterns of health services use, including the number of care providers, that, in turn, increase the risk of potentially inappropriate care-as has been demonstrated with risks of polypharmacy [27, 29, 30] . Sex differences in the risks of potentially inappropriate medication use may also result from social forces, including social dimensions of gender, such as how health professionals differentially diagnose and treat women and men who present with similar conditions [31] [32] [33] [34] [35] [36] . Finally, sex differences in risk may result from the intersection between sex, gender and other socioeconomic influences on health and health care, including income and ethnicity, both of which can shape patient expectations and relationships between patients and providers [26] . For older residents of British Columbia, we found evidence of direct biological influences on sex differences in risk of potentially inappropriate medication use: age and health status both contributed to risks in ways that explain, in part, crude sex differences in the prevalence of exposure. Similarly, we found evidence of indirect biological influences on sex differences: polypharmacy and having multiple prescribers contributed to risks in ways that help explain crude sex differences in the prevalence of potentially inappropriate medication use. All of these associations are consistent with findings of several other studies [1] [2] [3] [4] [5] [6] [7] .
We also found socioeconomic factors associated with the risk of receiving potentially inappropriate prescriptions. Higher income was associated with lower odds of receiving a potentially inappropriate prescription among men but not women. This may be a result of an intersection between wealth, sex and power in relationships between patients and healthcare providers and/or between patients and social supports [26, 27] . Ethnicity also influenced women's likelihood of being exposed to a potentially inappropriate prescription, but did not do so for men. This finding is also consistent with other findings, particularly those concerning ethnic variations in psychotropic drugs, the use of which may carry greater stigma for women of Asian ethnicity found to be at lower risk of exposure in our study [37, 38] .
Study limitations
This study is not without limitations. There are several different criteria with which to assess appropriateness of prescribing; we selected the Beers criteria, because it is the most widely applied measure in the literature and has been used in Tables 2 and 3 , combined. Values in bold are statistically significant at P = 0.05.
multiple jurisdictions [2, 5] . A recent review of methods for measuring the prevalence of potentially inappropriate medication use found women at higher risk of exposure across methods even though prevalence rates differed [28] . Furthermore, the drugs accounting for much of the sex difference observed in our study are found in most (NSAIDs) or all (benzodiazepines, tertiary tricyclic antidepressants) of the major lists of potentially inappropriateness prescriptions for older populations [17, [39] [40] [41] [42] . As such, it is unlikely that the nature of sex differences identified in this study would differ using alternative criteria.
The linked administrative data that we use contained information needed to adjust for the explicit dose, duration and medical diagnoses that designate inappropriate use of Beers drugs; the lack of such details has been a criticism of prior studies using the Beers criteria [5] . Nevertheless, we were unable to review the full clinical data (including lab values) that would be attainable through a chart audit or analysis of electronic medical records. As such, we may have over-adjusted for some of the Beers criteria.
Our measure of potentially inappropriate prescribing is based on prescription dispensations. While dispensation of prescribed drugs is not equivalent to consumption of the medicines, it is likely that most patients who invest the time and out-of-pocket costs necessary to have prescriptions filled do so with intent to consume them. Moreover, as some prescriptions will be written but not filled by patients, this measure is arguably an understatement of the extent of potentially inappropriate prescribing in British Columbia.
Conclusion
There are significant sex differences in older adults' risk of receiving a potentially inappropriate prescription in British Columbia, even after adjusting for clinical and socioeconomic factors that might influence sex difference. Sociodemographic disparities in access to potentially beneficial care might, in some cases, be justifiable on the grounds of differences in patient preferences for specific treatment options, including patient beliefs about the role of medications in their treatment. However, it would be difficult to justify such differences in risk of exposure to potentially inappropriate prescriptions based on patient beliefs or preferences, because no group should be exposed to a higher level of risk when lower risk alternatives exist.
Findings of this study-including sex differences in the effects of income, ethnicity and marriage-suggest that the elevated risks that women face are a result of complex intersections between biological and social constructs. Appropriate responses will therefore need to be both nuanced and fundamental. There is the obvious, fundamental need to invest in the dissemination of information and tools to assist with de-prescribing of potentially inappropriate medications. Such tools need to be targeted to and appropriate for both prescribers and patients. There is also a more nuanced need to study and invest in processes to address how gender-on its own and interacting with age, wealth and ethnicity-affect the norms of and relationships between prescribers and patients.
Key points
• The odds of receiving potentially inappropriate prescriptions is higher among women, even after adjusting for confounding.
• Women receive inappropriate prescriptions for benzodiazepines, tricyclic antidepressants and NSAIDs more frequently than men.
• Approaches to address inappropriate prescribing must include changes in norms and expectations of both prescribers and patients. 
